Abstract Experimental and epidemiological studies suggest that calcium-regulating hormones-parathyroid hormone (PTH) and vitamin D-may be associated with breast cancer risk. No prospective cohort study has investigated the association between pre-diagnostic calcium levels and subsequent risk of breast cancer. We have examined this in a cohort of 7,847 women where serum calcium levels and established risk factors for breast cancer had been assessed at baseline. During a mean follow-up of 17.8 years, 437 incident breast cancer cases were diagnosed. Incidence of breast cancer was calculated in different quartiles of serum calcium levels and a Cox's proportional hazards analysis was used to obtain corresponding relative risks (RR), with a 95% confidence interval (CI), adjusted for potential confounders. In premenopausal women, serum calcium levels were inversely associated with breast cancer risk in a dose-response manner. The adjusted RR (95% CI) of breast cancer was in the 2nd calcium quartile 0.91 (0.65-1.30), in the 3rd quartile 0.89 (0.60-1.31), and in the 4th quartile 0.56 (0.32-0.98), as compared to the 1st calcium quartile. In postmenopausal overweight women (BMI > 25), breast cancer risk was higher in calcium quartiles 2-4 as compared to the 1st quartile. Our findings may have implications for primary prevention of breast cancer and for the management of asymptomatic primary hyperparathyroidism.
Introduction
Breast cancer is the most common malignant disease in women. Most established risk factors concern reproductive history, but other factors may be of interest. Experimental studies indicate that calcium levels may affect tumor development [1] [2] [3] [4] . The calcium-regulating hormones vitamin-D and its metabolites, most notably 1,25 (OH) 2 D3, and parathyroid hormone (PTH) have also been suggested to affect breast cancer risk [5, 6] .
PTH and vitamin-D regulate the production of each other, and both factors increase serum calcium levels [7] . Experimental studies suggest that PTH has carcinogenic and tumor promoting effects [8] [9] [10] . At least three recordlinkage studies have found a weak positive correlation between risk of breast cancer and primary hyperparathyroidism (pHPT), a condition with high PTH and often high calcium levels [11] [12] [13] . Contrary to this, it has been suggested that high vitamin-D levels may have tumor protective effects [6, 14] . Thus, the serum calcium level, either in itself or as a marker of certain conditions, may be associated with breast cancer risk. This relation is complicated, however, by the fact that potential mechanisms act in opposite directions.
Furthermore, several conditions may modify the relation between the factors mentioned above and the risk of breast cancer. High age and obesity are associated with a high prevalence of pHPT [15, 16] and low levels of vitamin-D, e.g., 25(OH)D [17] . It has also been suggested that pre-and postmenopausal women may have different risk factors for breast cancer [18] and that obesity may modify the association between established risk factors and breast cancer [19] .
To our knowledge, there has been no prospective cohort study on serum calcium levels in relation to incidence of breast cancer. Here we report a cohort of 7,847 women, with information on total serum calcium and risk factors for breast cancer, followed with regard to breast cancer incidence during an average of 17.8 years.
The aim of the present analysis was to study incidence of breast cancer in women according to pre-diagnostic levels of serum calcium, with special regard to body mass index (BMI) and menopausal status.
Materials and methods

The Malmö Preventive Project
The Malmö Preventive Project (MPP) in Malmö, Sweden, was established in 1974 for screening with regard to cardiovascular risk factors [20] . Entire birth-year cohorts, men and women, registered as citizens in Malmö were successively invited by mail to a health examination. Approximately 70% of invited women attended [20] . When the department closed in 1992, 10,902 women, born between 1926 and 1949, had been examined. Their mean age at baseline was 49.7 years, and 59.8% were peri-/postmenopausal [21] .
Baseline examination A self-administered questionnaire was used for a comprehensive interview on lifestyle habits, medical history, marital status, education, and use of medications [20] . The questionnaire was revised several times. Information on reproductive history was included in the questionnaire for women screened from April 1983 and onwards. Factors that have been associated with breast cancer risk were available from the questionnaire: age at menarche, menopausal status, parity, use of oral contraceptives and hormonal replacement therapy (HRT), educational level, and marital status. Information necessary for calculation of body mass index (BMI) (kg/m 2 ) was assessed by a trained nurse on baseline examination; height was measured to the nearest centimeter, and weight was recorded with the subject wearing no shoes, on a beam scale at intervals of 0.1 kg. In the morning, after an overnight fast, all subjects gave a blood sample, which was analyzed immediately. Calcium was measured photometrically by the laboratory at the Dept. of Clinical Chemistry, University Hospital of Malmö, on a PRISMA multichannel autoanalyser (Clinicon AB, Bromma, Sweden) [22, 23] . The coefficient of variation was 1.52% [22] . The reference value for serum calcium during this period was 2.20-2.60 mmol/l. Women were classified as peri-postmenopausal if they affirmed that their menstruations had ceased, that they had menopausal symptoms or that they were taking any ''female hormonal medication'' because of such symptoms.
Study cohort
Out of 10,902 women, information on reproductive factors including menopausal status was known for 8,051 women. Serum calcium had been measured in 8,004 of these. A total of 157 women with prevalent invasive breast cancer at baseline were excluded. Thus, the present study is based on 7,847 women.
Ethical clearance for this study was obtained from the Ethical committee in Lund, LU 639-03.
Follow-up
Breast cancer cases, invasive and in situ, were retrieved by record linkage with the Swedish Cancer Registry and the Southern Swedish Regional Cancer Registry. There were in all 437 incident cases. Stage at diagnosis was retrieved from clinical notes and from a clinical registry run by the South Swedish Breast Cancer Group. Stage according to the UICC was given from the TNM classification [24] . Information on vital status was retrieved from the Swedish Cause of Death Registry. Each woman was followed until end of follow-up, 31st December 2003, or until she got breast cancer or died. The average follow-up was 17.8 years (SD: 5.8 years).
Statistical methods
Quartile cut-points for total serum calcium were based on the distribution for women in the study cohort excluding those with prevalent cancer of any site (not including cervical cancer in situ). The incidence of breast cancer per 100,000 person-years was calculated in relation to serum calcium quartiles. Cox's proportional hazards analysis was used to estimate corresponding relative risks (RRs), with a confidence interval (CI) of 95%. In a second analysis, potential confounders were introduced as covariates. BMI and age were treated as continuous variables, whereas all other covariates were entered as categorical variables. Test for trend over quartiles were calculated and a p-value < 0.05 was considered statistically significant.
Separate analyses were made in pre-versus peri-/postmenopausal women and in different strata of BMI, i.e., BMI < 25 vs. BMI ‡ 25 (overweight and obese women). All analyses were repeated excluding cases diagnosed within two years following baseline examination. Analyses were also done using separate quartile cut-points based on serum calcium levels in pre-versus peri-postmenopausal women.
Stage distribution was assessed in relation to serum calcium quartiles, BMI, and postmenopausal status. The chi-square test was used in order to assess heterogeneity between groups, and a p-value less than 0.05 was considered statistically significant.
Results
Use of oral contraceptives and hormone replacement therapy, HRT, were more common in lower calcium quartiles, and there was a higher percentage of peri-postmenopausal women in higher calcium quartiles, Table 1 . Mean calcium levels (range) were in premenopausal women 2.32 (1.89-2.76) mmol/l and in peri-postmenopausal women 2.36 (2.03-2.80) mmol/l. This is in line with previous studies that have shown serum calcium to rise with menopause [25, 26] . There was no overall association between serum calcium levels and breast cancer, Table 2 , crude and age-adjusted RR:s were similar to those obtained in the full model.
Serum calcium levels were inversely associated with incidence of breast cancer in premenopausal women in a dose-response manner, but p for trend did not reach statistical significance, p = 0.25. In postmenopausal women, the p-value for trend over quartiles was 0.45. There was a weak, non-significant, association between serum calcium levels and breast cancer incidence in peri-/postmenopausal women.
Serum calcium was associated with a high risk of breast cancer in overweight postmenopausal women, Table 3 . The RR:s, adjusted for known risk factors for breast cancer, as outlined in Table 1 , for the 2nd, 3rd and 4th quartiles as compared to the 1st were 2.74, 3.10 and 2.72, respectively (p for trend: 0.04). Crude and age-adjusted RR:s were similar. There was no statistically significant trend over quartiles in any of the analyses presented in Table 3 . In the subgroup of obese, postmenopausal women the distribution of other risk factors was similar in all calcium quartiles.
When the analyses were repeated excluding cases with breast cancer occurring within 2 years following baseline, rd , and 43.0% in the 4th serum calcium quartile. These differences corresponded to a p-value of 0.21. Stage distribution in different serum calcium quartiles was also similar in pre-versus. postmenopausal and in normal versus overweight/obese women.
Discussion
In this study serum calcium levels were inversely associated with breast cancer risk in premenopausal women in a dose-response manner. This study also indicates that calcium levels are positively associated with breast cancer in overweight peri-/postmenopausal women.
It may be questioned whether it is appropriate to use a single determination for ranking of serum calcium levels. Both short-time [27] and long-time [28] intra-individual variation in total serum calcium are low. Even though serum calcium levels rise with menopause [26, 29] there seems to be significant 'tracking', i.e., the ranking of calcium levels between individuals tends to remain the same before and after menopause [25] . Although inter-individual differences in absolute values for serum calcium are low, we still consider these differences important when large groups are compared. Thus, we believe that a single measurement of serum calcium is a useful marker for differences with regard to calcium homeostasis.
It has been argued that free (ionized) calcium provides the best indication of calcium status because it is biologically active and tightly regulated by calcium-regulating hormones. Total calcium levels are affected by plasma protein levels, notably albumin. In our cohort, adjusting for serum albumin was not possible, since albumin levels were only known for about a quarter (n = 2048) of the study population. However, total calcium has been considered a good measure of calcium homeostasis in outpatients and healthy individuals where albumin will be expected to be in the normal range [23] . Albumin was normally distributed among those with known albumin levels, and only 75 women (3.7%) had an albumin outside the normal reference range (36-45 g/l). All samples were also collected in a standardized manner, which minimizes differences in albumin levels due to fasting status or diurnal variation [30] . Following this, we consider total serum calcium a useful and valid measurement of calcium status in this study population.
Vitamin D and PTH-levels seem to be unaffected by menopause per se [25] . The rise of serum calcium with menopause might instead be explained by the fact that bone seems to turn more sensitive to PTH in the absence of estrogen [31, 32] . The associations between some risk factors and breast cancer differ in pre-and postmenopausal women and this was one reason a priori to study breast cancer incidence separately in pre-versus peri-postmenopausal women [33] . Moreover, pHPT is more common in postmenopausal than in premenopausal women [15] . PHPT is often a mild disease with a protracted course, asymptomatic in its early stages, with gradually rising calcium levels. The prevalence of clinical symptomatic pHPT in postmenopausal women has been estimated to be around 3% [34] and the prevalence of asymptomatic pHPT could be even higher. Whether this prevalence is high enough to affect calcium levels overall in this group might be questioned, but we think it is reasonable to assume a higher percentage of women with undiagnosed, asymptomatic pHPT in the higher serum calcium quartiles.
If breast cancer itself causes hypercalcemia, such as in hypercalcemia of malignancy, this could lead to a spurious association between calcium levels and breast cancer risk. This would be a serious problem in cross-sectional studies, i.e., case-control studies, but it is less of a problem when pre-diagnostic calcium levels are available, as in this analysis. Moreover, hypercalcemia of malignancy usually presents with advanced disease [35] , and such patients would probably have been diagnosed with breast cancer at baseline and would, thus, have been excluded. To further exclude cases where hypercalcemia might have been caused by undiagnosed breast cancer, the analyses were repeated excluding cases with breast cancer occurring within two years following baseline. All results were similar and we do not consider that malignancy-related hypercalcemia associated with breast cancer have affected the observations in the present study. Malignancies other than breast cancer can also give rise to hypercalcemia. In these cases, an association between serum calcium and breast cancer could be due to calcium levels, or mediators of calcium homeostasis, affecting breast cancer growth. Hence, we did not exclude other prevalent malignancies from our analysis, but only those with prevalent breast cancer.
Incomplete follow-up may affect the results. However, the Swedish Cancer Registry and the Swedish Cause of Death Registry have been validated and found to have a completeness of about 99% [36] .
Another relevant issue is whether the results could have been caused by detection bias. Women in these birth cohorts have regularly been invited to mammographic screening since the end of the 1970s [37] . If calcium levels were associated with factors that affect time of diagnosis, such as participation in mammographic screening or patient's delay, a trend over quartiles with respect to stage at diagnosis would be expected. No such trend was observed and we consider it unlikely that detection bias has influenced our results.
It may be asked whether breast cancer cases in this cohort may be considered representative of the whole breast cancer population. This cohort mainly comprised middle-aged women and 30% of the women invited to the health examination did not attend. As we have no information about exposure to the studied risk factors in women outside this cohort, observed incidence rates may not be applicable to all age groups or to the general population. However, as there was a wide distribution of calcium levels, it was possible to make internal comparisons between subjects with low and high values, respectively. We consider that our estimations of relative risks were not considerably affected by selection bias.
It is possible that both high serum calcium levels and breast cancer are caused by a common factor. The results were probably not confounded by most known risk factors for breast cancer though, since information on these were known for the study cohort, and results were similar when statistical analyses were repeatedly adjusted for these factors. We were not able to adjust our estimates for heredity or physical activity, since we had no information on these variables. It is, however, unlikely that these factors have influenced the results, since, to our knowledge, there is no strong correlation between either physical activity or heredity and serum calcium levels. Other factors that would have been of interest are determinants of calcium homeostasis, such as diet, sunshine exposure, vitamin D, and PTH-levels. The inclusion of these factors in future studies would be very valuable. This is the first prospective cohort study on serum calcium levels and breast cancer risk. In order to explore whether factors that affect PTH and vitamin-D levels, i.e., menopausal status and obesity, modify the relation between calcium levels and breast cancer risk, several subgroup analyses were performed. Some groups had a limited number of cases and our finding that high calcium levels are associated with breast cancer in overweight peri-/ postmenopausal women was based on a low number of cases and CIs were wide. However, the distribution of risk factors in postmenopausal obese women between calcium quartiles does not differ from the whole study population (data not shown) and the results may represent a true threshold-effect in RR between the first and second calcium quartiles. Indeed, it may be that the lowest quartile has a lower than average risk; that low calcium levels in obese postmenopausal women reflects some protective factor. Such factors may be related to parameters that affect calcium homeostasis, i.e., PTH or vitamin-D, but this remains to be evaluated. Given the small number of cases in some subgroups, a chance finding cannot completely be ruled out, and our results will have to be confirmed in larger studies.
High levels of calcium per se can in experimental models increase cell differentiation, decrease proliferation, and induce apoptosis [1] [2] [3] [4] . All of this would have a tumor protective effect. Calcium levels in serum may also be considered a marker for certain conditions, as calcium levels are increased following stimulation by PTH and vitamin-D. Experimental studies have shown that PTH have anti-apoptotic effects and may promote invasiveness [8] [9] [10] , mechanisms that stimulate tumor growth. Contrary to this, vitamin-D may induce apoptosis, cell cycle arrest, and differentiation. Vitamin-D also inhibits invasiveness and angiogenesis [6, 14, 38] , all of which have tumor protective effects. Following these potential biological mechanisms, it is possible to hypothesize that high serum calcium levels may be associated with both tumor protective and tumor promoting effects. To date, no study has investigated the influence of calcium levels as well as PTH and vitamin-D levels on breast cancer risk.
There is typically a weak, non-significant, inverse association between calcium intake and risk of breast cancer as reported by at least eight case-control studies and three cohort studies (referred to in [39, 40] ). However, calcium homeostasis is kept very tight in humans, and dietary intake is a poor predictor of calcium levels in blood. No prospective cohort study has investigated the association between serum calcium levels in blood and breast cancer incidence. Three epidemiological record-linkage studies have evaluated primary hyperparathyroidism (pHPT) and risk of breast cancer [11] [12] [13] . Two of these studies found a statistically significant positive association between pHPT and subsequent breast cancer.
Two studies have examined vitamin-D levels in pre-diagnostic blood samples in relation to breast cancer risk. Hiatt et al. did not find any significant association between the vitamin-D metabolite 1,25(OH) 2 D and breast cancer, but included only 96 cases [41] . Bertone-Johnson et al. found that the vitamin-D metabolites 25(OH)D and 1,25(OH) 2 D were associated with a small, non-significantly, decreased risk of breast cancer [42] . None of these studies included information on calcium levels or PTH.
Studies on the relation between dietary intake of vitamin-D, or dairy products, and risk of breast cancer, do not, however, provide consistent evidence for an association [4, 40, 42, 43] . High calcium levels may reflect different conditions in specific groups as pHPT and low vitamin-D-levels are more common in postmenopausal [15, 17] and obese women [16] . It is possible to hypothesize that calcium levels in postmenopausal and obese women may reflect PTH levels rather than vitamin-D levels and that calcium levels in premenopausal women may mainly be a marker of vitamin-D levels. Obese are known to have an altered endocrine metabolism [44] and possibly factors as insulin or insulin-like growth factor (IGF) could be related to our observations [45] .
Our findings will have to be tested in future studies, which must include information on PTH and vitamin-D levels as well as on serum calcium. Further research will give guidance on primary prevention for breast cancer, and can be important when deciding whether or not to treat individuals with mild or asymptomatic hyperparathyroidism.
We conclude that in this cohort of 7,847 women, serum calcium levels were inversely associated with breast cancer risk in premenopausal women in a dose-response manner. This study also indicates that high calcium levels may increase breast cancer risk in overweight peri-/postmenopausal women.
